work was supportedin part by the MallinckrodtlWashington University and Monsanto/WashingtonUniversity Hybridoma contracts. 754-757(1984) 2. Wakkers PJM, HellendoornHBA, Op De Weegh GJ, Heerspink W. Applications of statistics in clinical chemistry: A critical evaluation of regression lines. Clin Chim Acta 64, 173-184 (1975 Intervention Trial (8), however, presented evidence that therapy with thiazide diuretics may have increased the death rate from coronary heart disease (including sudden death) in hypertensive men who had abnormalities in their electrocardiograms taken while resting, possibly by causing arrhythmias. Because several reports (e.g., 2, 3, 9, 10) have suggested that the potential for mild hypokalemia and hypomagnesemia to lead to arrhythmias may be greaterafter myocardial infarction, we studied a series of patients admitted consecutively to the Coronary Care Unit and attempted to identify possible relationships among the use of diuretics, mild hypokalemia and hypomagnesemia, and the occurrence of clinically significant arrhythmias.
predictive relationship between mildly decreased concentrations of magnesium or potassium in serum and onset of mild degrees of hypokalemia and hypomagnesemia induced by diuretic therapy constitute a significant risk in patients being treated with these agents for hypertension. Several studies suggest that diuretic-induced hypokalemia is of little consequenceclinically and that potassium supplementation is not needed routinely for most such patients (4) (5) (6) (7) . A recent report from the American Multiple Risk Factor
Intervention Trial (8), however, presented evidence that therapy with thiazide diuretics may have increased the death rate from coronary heart disease (including sudden death) in hypertensive men who had abnormalities in their electrocardiograms taken while resting, possibly by causing arrhythmias. Because several reports (e.g., 2, 3, 9, 10) have suggested that the potential for mild hypokalemia and hypomagnesemia to lead to arrhythmias may be greaterafter myocardial infarction, we studied a series of patients admitted consecutively to the Coronary Care Unit and attempted to identify possible relationships among the use of diuretics, mild hypokalemia and hypomagnesemia, and the occurrence of clinically significant arrhythmias.
Materials and Methods
We gathered our data from the charts for 103 of 113
consecutive patients admitted to our institution's Coronary serum was measured by its reaction with methylthymol blue in the aca discrete analyzer (Du Pont Co., Wilmington, DE 19898). In our laboratory, the reference interval for potassium is 3.5 to 5.0 mmol/L and for magnesium, 18 to 28 mgfL (0.75 to 1.2 mmol/L).
All patients in the Unit were continuously monitored with electrocardiographs, the tracings being scanned by an automated arrhythmia-monitoring unit (HP78220; Hewlett-Packard, Waltham, MA 02154) and a trained monitor watcher. Tracings were routinely printed out at 4-h intervals and whenever any changes in rhythms were observed.
We subsequently reviewed these printouts, the edited daily trend report, and each patient's chart. A significant ventricular arrhythmia was considered to be present if any ofthe followingoccurred: (a) sustained ventricular tachycardia or fibrillation that required countershock or medication, whether in the field by paramedics or after arrival in the Coronary Care Unit; (b) >30 ventricular premature beats in any hour while the patient was in the Unit; or (c) consecutive ventricular premature beats, whether paired or in salvos ( 3). We used only the data acquired during the first 48 h after admission to the Coronary Care Unit or until the time of dischargefrom it, whichever came first.
Because electrocardiograms and edited daily-trend reports could not be located for 11 of the 103 patients, we excluded data from these patients from consideration in all data analysis of arrhythniias.
For statistical comparisons among groups, we used unpaired t-tests for continuous variables and chi-square or Fisher's exact tests for categorical variables. Logistic discriminant analysiswas performed accordingto the techniques of Anderson (11).
Results
At admission, 19 (18%) of the 103 patients had potassium concentrations <3.5 mmolJL. For three, magnesium was not measured at admission; 24 of the remaining 100 had magnesium concentrations <18 mg/L. The prevalence of hypokalemia in patients with concurrent hypomagnesemia (six of 24 patients, or 25%) exceeded that of the overall population admitted to the Coronary Care Unit; sodid the prevalence of hypomagnesemia in patients with concurrent hypokalemia (six of 19, or 32%) .
The correlation between the 100 paired concentrations of serum magnesium and potassium(r = 0.27, p = 0.006) was significant, and it apparently was unaffected by therapy with diuretics (for 48 patients receiving diuretics, r = 0.25; for the other 52 patients, r = 0.28). Statistically significant differences were found between the group of patients treated with diuretics vs the group not treated with diuretics (Table  1) in average patient age, in the frequencies of hypertension and congestive heart failure by history, and in the average concentration of potassium in serum. No differences were found in the frequencies of arrhythmias, in the occurrence of myocardial infarction, or in the mean concentrations of magnesium in serum.
Similarly, we compared the group of patients who experienced significant ventricular arrhythmias during the first two days of hospitalization and the group that did not ( Table  1 ). The only significant difference identified was the more frequent finding of myocardial infarction in the patient group that experienced clinically significant arrhythmias than in the group that had no arrhythmias (Table 1) . We found no significant increase in the frequency of arrhythmias in patients with definitely low concentrations of potassium or magnesium in their serum as compared with patients with normal or increased concentrations of these ions (Table 2) . LowerCutoff value for normal in our laboratory.
To explore the value of simultaneous information in multiple variables for predicting arrhythmias, we used logistic discriminant analysis. Diagnosis of myocardial infarction (yes/no) was the most important variable for the prediction of arrhythmias, and was the only variable for which the discriminant function coefficient differed statistically significantly from zero (t = 3.08, p < 0.005). Use of this variable alone to predict arrhythmias was accurate in 62% of the cases ( Table 3) . A history of diuretic use (t = O.8'7,p < Table 3 
. Accuracy of Logistic Discriminant Analysis in Predicting Arrhythmias
Predictive accuracy, % correct
Variables
Arrhythmia No arrhythmia Overall 0.4) and the concentration of magnesium in serum (t= 0.59, p < 0.6) were the next most valuable prediction variables for arrhythmias, but did not add to the overall predictive accuracy of the discriminant function. Including all variables-age, sex, history of hypertension (yes/no), history of congestive heart failure (yes/no), history of diuretic use (yes/no), concentrations of potassium and magnesium, and diagnosis of myocardial infarction (yes/no)-did not improve the overall accuracy of prediction (Table 3) .
Discussion
From these data we found surprisingly few relationships among the use of diuretics, the concentrations of magnesium or potassium in serum, and the onset of cardiac arrhythmias. Of the patients studied, 18 and 24% had mild to moderate hypokalemia and hypomagnesemia, respectively, and in agreement with our previous data (12) and the data of Roberts (13) , the concentrations of potassium and magnesium were significantly correlated (r = 0.27, p = 0.007). This small but significant correlation was independent of the effects of therapy with diuretics on the concentrations of potassium and magnesium in serum. There was a small but significant difference between the mean concentrations of potassium in patients receiving diuretic therapy as compared with those who were not, but not between the mean concentrations of magnesium in these groups of patients. Despite our findings of a correlation of serum potassium with magnesium and an effect of diuretic use on the mean concentration of potassium in serum, our extensive multivariate analysis of the data showed that only the occurrence of myocardial infarction was of any value in predicting cardiac arrhythmias in these coronary-care patients.
Although several investigators have found Jowconcentrations of potassium and magnesium in serum to be associated with arrhythmias (1-3, 9, 10) , there has been considerable interest in whether the mild degrees of hypokalemia and hypomagnesemia induced by diuretic therapy would predisposediuretic-treated patients to arrhythmias. almost 1 mmollL (16, 17) , but that this decrease can be prevented by blockade of beta adrenergic receptors (18, 19) . Although any relation between hypokalemia and arrhythmias in myocardial infarction has been assumed to be causal, it may be an indirect one, mediated through a common factor such as catecholamine excess (19) .
Any relationship between clinically important arrhythmias and mild decreases in the serum concentrations of potassium or magnesium, appears from our data to be a weak one. Analysis of the power of the statistical tests used in this study (20) showed that our patient population was of sufficient size for us to detect with 85% probability a mean difference in serum potassium concentration of 0.39 mmol/L and a mean difference in serum magnesium concentration of 1.9 mg/L between the patient groups with and without arrhythmias.
We made some compromises in our study design. First, our use only of potassium and magnesium measurements made at the time of the patients' admission to the hospital caused the time relationship between the potassium and magnesium measurements and the onset of clinically important arrhythmias to vary from patient to patient. We used only the admitting concentrations because of our concern that therapeutic manipulations after admission could acutely alter the concentrations of potassium and magnesium in serum so that they would no longer reflect the original balance of these ions. In addition, had data on the concentrations of these ions throughout the patients' hospitalization been collected, the data analysis would have been enormously complicated and required more extensive knowledge of the patients' hospital course than could be gathered from the hospital chart.
A secondand related factor that compromised the design of this study was that there was no way to control for the effects of therapy given for hypokalemia or hypomagnesemia. 
